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COMPOSITIONS AND METHODS FOR TREATMENT OF FIBROSIS 



FIELD OF THE INVENTION 

The present invention relates to the use of Famesoid X Receptor (FXR) agonists in 
the treatment of fibrosis, including liver fibrosis. 



10 BACKGROUND OF THF^ INVENTION 

The human body responds to trauma and injury by scarring. Fibrosis, a disorder 
characterized by excessive scarring, is thought to be the result of the normal wound 
healing response gone awry. One halhnark of fibrosis is the excessive production and 

15 deposition of collagen and other extracellular matrix components. Causes of fibrosis are 
diverse, and include trauma, surgery, infection, and exposure to toxins (including 
environmental pollutants, alcohol and other toxins). Fibrosis is also associated with 
various disease states such as diabetes, obesity and non-alcoholic steatohepatitis. Fibrotic 
disorders can be characterized as acute or chronic, but share the common characteristic of 

20 excessive collagen accumulation and an associated loss of fimction as normal tissue is 
replaced or displaced by fibrotic tissue. Organs that are commonly affected by fibrosis 
mclude liver, kidney and lung. In one sense, fibrosis is not a distinct disease, but is a 
histological response to other disease processes such as inflammation. 

Famesoid X receptor (FXR) is a member of the nuclear receptor superfamily of 

25 ligand activated transcription factors (Lu et al. J. Biol. Chem. 2001 17:17). FXR (also 
known as RIP14 and NR1H4) is reported to bind and be activated by a variety of naturally 
occurring bile acids, including the primary bile acid chenodeoxycholic acid and its taiuine 
and glycme conjugates (Makishima et al. Science 1999 284:1362-5; Parks et al. Science 
1999 284:1365-8; and Wang et al. Mol, Cell. 1999 3:543-53). A number of recent studies 

30 have implicated FXR in the regulation of genes encoding proteins involved in the 
biosynthesis and transport of bile acids (Sinai et al. Cell 2000 102:731-44; Lu et al, Mol. 
Cell 2000 6:507-15; Goodwin et al. Mol. Cell. 2000 6:517-26; Grober et al. J. Biol. Chem. 
1999 274:29749-54). 
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FXR ligands have been suggested for use in modulating cholesterol metabolism as 
well as other disorders. See, e.g., published US patent application US20030003520, US 
Patent No. US6465258; WO03/030612; WO03/016288; WO03/016280; WO 02/020463; 
WO 03/015777; WO 03/015771; andPCT/US03/10519. 
5 In view of the morbidity and mortality caused by fibrotic disorders, the 

identification of novel methods of treating fibrosis would be beneficial. 

SUMMARY OF TPF. TNVKNTTON 
A first aspect of the present invention is a method for treating organ fibrosis in a 
10 manunal, by administering to the subject a therapeutically effective amount of an FXR 
agonist. 

A further aspect of the present invention is a method of reducing or preventing the 
development of organ fibrosis in a mammal, by administering to a subject in need of such 
treatment a therapeutically effective amount of an FXR agonist. 

15 

BRIEF DESCRIPTION OF THE FIGURE 

Figure lA graphs the level of alpha SMA mRNA in livers of groups of Bile Duct 
Ligated (BDL) rats, where the first column is sham-operated rats, second column is BDL 

20 rats treated with vehicle, third column is BDL rats treated with the FXR agonist GW4064, 
and fourth colunm is BDL rats treated with taurine-conjugated ursodeoxycholic acid 
(TUDCA). The asterisk (*) indicates that the level of alpha SMA mRNA in livers of 
vehicle-, GW4064-, or TUDCA-treated BDL rats is significantly different (p<0.05) than 
the level in sham operated rats. 

25 Figure IB graphs the level of Collagen I mRNA in livers of groups of Bile Duct 

Ligated (BDL) rats (columns as described for Figure 1 A). The asterisk (*) indicates that 
the level of collagen I mRNA in livers of vehicle-, GW4064- or TUDCA-treated BDL rats 
is significantly different (p<0.05) than the level in sham operated rats. 

Figure IC graphs the level of TGFbetal mRNA in livers of groups of Bile Duct 

30 Ligated (BDL) rats (colunms as described for Figure lA). The asterisk (*) indicates that 
the level of TGFbetal mRNA in livers of vehicle-treated BDL rats is significantly 
different (p<0.05) than levels in sham operated rats. The pound sign (#) indicates that the 
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level of TGFbetal mRNA in livers of GW4064-treated BDL rats is significantly different 
(p<0.05) than levels in vehicle BDL rats. 

Figure 2A graphs the level of Smooth Muscle Actin (SMA) mRNA in isolated rat 
hepatic stellate cells grown in media containing either 0.1% DMSO (control; white bar) or 

5 lOuM GW4064 with 0.1% DMSO (GW4064; shaded bar). Total RNA was extracted 
from the cells at days 4, 6 and 8, as indicated. SMA expression is normalized to 18S. 

Figure 2B graphs the level of Collagen mRNA in isolated rat hepatic stellate cells 
grown in media containing either 0.1% DMSO (control; white bar) or lOuM GW4064 
with 0.1% DMSO (GW4064; shaded bar). Total RNA was extracted from the cells at 

10 days 0, 2, 4, 6 and 8, as indicated. Collagen expression is normalized to 18S. 

Figure 2C graphs the level of Fibronectin mRNA in isolated rat hepatic stellate 
cells grown in media containing either 0.1% DMSO (control; white bar) or lOuM 
GW4064 with 0,1% DMSO (GW4064; shaded bar). Total RNA was extracted from the 
cells at days 2, 4, 6 and 8, as indicated. Fibronectin expression is normalized to 18S. 

15 Figure 3A graphs the level of TGFbetal mRNA (relative quantification) in livers 

of groups of rats treated with a single dose of carbon tetrachloride as an acute model of 
liver fibrosis, where the first column is Control rats, the second colunm is rats treated with 
a single dose of CC14 followed by four days dosing with vehicle, and the third column is 
rats treated with CC14 followed by four days dosing with the FXR agonist GW4064. The 

20 asterisk indicates that the level of TGFbetal mRNA in vehicle+CC14-treated rats is 
significantly different (p<0.05) than the level in Control rats. 

Figure 3B graphs the level of Smooth Muscle Actin (SMA) mRNA (relative 
quantification) in livers of groups of rats as described for Figure 3A. The asterisk (*) 
indicates that the level of SMA mRNA in livers of vehicle+CC14-treated rats is 

25 significantly different (p<0.05) than the level in Control rats; the pound sign (#) indicates 
that the level of SMA mRNA in livers of CC14+GW4064 rats is significantly different 
(p<0.05) than the level in vehicle+CC14-treated rats. 

Figure 3C graphs the level of Collagen I mRNA (relative quantification) in livers 
of groups of rats as described for Figure 3A. The asterisk (*) indicates that the level of 

30 Collagen I mRNA in livers of vehicle+CC14-treated rats is significantly different (p<:0.05) 
than the level in Control rats; the pound sign (#) indicates that the level of Collagen I 
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mRNA in livers of CC14+GW4064 rats is significantly different (p<0.05) than the level in 
vehicle+CC14-treated rats. 

Figure 4A graphs the level of Collagen mRNA in isolated rat hepatic stellate cells 
grown in media containing either 0.1% DMSO (vehicle control; white bar) or 3uM 
5 GW4064 with 0.1% DMSO (shaded bar). Total RNA was extracted from the cells at days 
0, 2, 4, 6 and 8, as indicated. Collagen expression is normalized to 18S. Asterisk 
indicates p<0.05 compared to the vehicle control. 

Figure 4B graphs the level of Smooth Muscle Actin (SMA) mRNA in isolated rat 
hepatic stellate cells grown in media containing either 0.1% DMSO (vehicle control; white 
10 bar) or 3uM GW4064 with 0.1% DMSO (shaded bar). Total RNA was extracted from the 
cells at days 4, 6 and 8, as indicated. SMA expression is nonnalized to 18S. Asterisk 
indicates p<0.05 compared to the vehicle control. 

Figure 4C graphs the level of Fibronectin mRNA in isolated rat hepatic stellate 
cells grown in media containing either 0.1% DMSO (vehicle control; white bar) or 3uM 
15 GW4064 with 0.1% DMSO (shaded bar). Total RNA was extracted from the cells at days 
2, 4, 6 and 8, as indicated. Fibronectin expression is normalized to 18S. Asterisk indicates 
p<O.OS compared to the vehicle control. 

Figure 5A graphs the level of Smooth Muscle Action (SMA) mRNA in liver tissue 
from naive rats (white bar) and rats treated with CCL4 + Vehicle (black bars), CCL4 + 
20 GW4064 (striped bars), or CCL4 + Silymarin (stippled bars). 

Figure SB graphs the level of Collagen mRNA in liver tissue from naive rats 
(white bar) and rats treated with COU + Vehicle (black bars), COU + GW4064 (striped 
bars), or CCU + Silymarin (stippled bars). The asterisk (*) indicates p<0.05 compared to 
the NaYve rats at 8 week timepoint; and the pound sign (#) indicates p<0.05 compared to 
25 the CCU+Vehicle rats at 8 week timepoint 

Figure 5C graphs the level of TIMP-1 mRNA in liver tissue from naive rats (white 
bar) and rats treated with CCL4 + Vehicle (black bars), COU + GW4064 (striped bars), or 
CCL4 + Silymarin (stippled bars). The asterisk (*) indicates p<0.05 compared to the 
Naive rats at 8 week timepoint; and the pound sign (#) indicates p<0.05 compared to the 
30 CCU+Vehicle rats at 8 week timepoint. 

Figure 5D graphs the level of TGFbl mRNA in liver tissue from naive rats (white 
bar) and rats treated with CCL4 + Vehicle (black bars), CCL4 + GW4064 (striped bars), or 
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CCL4 + Silymarin (stippled bars). The asterisk (*) indicates p<0.05 compared to the 
Naive rats at 8 week tunepoint; and the pound sign (#) indicates p<0.05 compared to flie 
CCU+Vehicle rats at 8 week timq)oint. 

Figure 6 graphs flie level of serum UMPl in naSve rats (white bar) and rats treated 
5 with CCL4 + Vehicle (black bars), CCL4 + GW4064 (striped bars), or CCL4 + SUymarin 
(stippled bars). The asterisk (*) indicates p<0.05 compared to the Naive rats at 8 week 
tim^oint; and the pound sign (#) indicates p<0.05 compared to the CCU+Vehicle rats at 8 
week timepoint. 

10 nFTAH.F.n DESCRDPTION OF THE INVENTION 

Using a selective FXR agonist, it has now been found in well-characterized models 
of fibrosis that FXR agonists possess anti-fibrotic properties, and represent a therapeutic 
approach for the treatment of fibrotic disease. 

15 Fibrosis 

Fibrotic disorders can be characterized as acute or chronic, but share flie common 
characteristic of excessive collagen accumulation and an associated loss of function as 
normal tissue is replaced or displaced by fibrotic tissue. Acute forms of fibrosis include 
response to trauma, infections, surgery, bums, radiation and chemotherapy. Chronic 

20 forms of fibrosis may be due to viral infection, diabetes, obesity, fatty Uver, hypertension, 
scleroderma and other chronic conditions that induce fibrosis. 

Organs that are most commonly affected by fibrosis include liver, kidney and lung. 
Fibrosis may also occur hi the heart, and in structures of the eyes. Organ fibrosis can 
cause the progressive loss of organ fimction. Retroperitoneal fibrosis (including idiopathic 

25 retroperitoneal fibrosis) may not origmate from any major organ, but can involve and 
adversely affect the function of organs such as the kidneys. 

Accordingly, as used herein, the temi fibrosis refers to all recognized fibrotic 
disorders, including fibrosis due to pathological conditions or diseases, fibrosis due to 
physical trauma ('traumatic fibrosis'), fibrosis due to radiation damage, and fibrosis due to 

30 exposure to chemotherapeutics. As used herein, the temi "organ fibrosis" includes but is 
not limited to liver fibrosis, fibrosis of the kidneys, puhnonary fibrosis, cardiac fibrosis, 
and fibrosis of ocular structures. 'Traumatic fibrosis'* includes but is not Umited to 
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fibrosis secondary to surgery (surgical scarring), accidental physical trauma, bums, and 
hypertrophic scarring. 

As used herein, "Uver fibrosis" includes Uver fibrosis due to any cause, including 
but not limited to virally-induced liver fibrosis such as that due to hepatitis B and C; 
5 exposure to alcohol (alcoholic liver disease), pharmaceutical compounds, oxidative stress, 
cancer radiation therapy or industrial chemicals; and diseases such as primary biliary 
cirrhosis, fatty liver, obesity, non-alcohohc steatohepatitis, cystic fibrosis, 
hemochromatosis, and auto-immune hepatitis. Current therapy in Uver fibrosis is 
primarily directed at removing the causal agent, e.g., removing excess iron 
10 Oiemochromatosis), viral load (chronic viral hepatitis), or exposure to toxins (alcohoUc 
liver disease). Anti-inflammatory dmgs such as corticosteroids and colchicine are also 
known for use in treating inflammation that can lead to liver fibrosis. Other strategies for 
treating Uver fibrosis are under development (see, e.g.. Murphy et al.. Expert Opin. 
Investig. Drags 11:1575 (2002); BataUer and Bremier, Semin. Liver Dis. 21:437 (2001)). 
15 The response of the liver to hepatocellular damage, similar to wound healing in 

other tissues, includes inflammation and tissue remodeling, with associated changes in the 
quantity and quality of the extracellular matrix. Progressive accumulation of extracellular 
matrix proteins, including collagen types I and HI, eventually distorts the architecture of 
the liver by forming a fibrous scar, resulting in disrupted blood flow and an eventual 
20 deterioration in hq)atic function. Hepatic stellate cells (HSC) have been identified as 
important mediators of the fibrotic process in the liver, and are believed to be primarily 
responsible for the synthesis of excess extracellular matrix seen in Uver disease. Liver 
injury can result in quiescent HSCs converting to activated myofibroblast-like cells that 
proliferate, migrate, recruit inflammatory cells, and synthesize collagens and other 
25 extracellular matrix proteins. Various cytokines are reported to activate HSCs, including 
transforming growth factor B (TGFb). In liver, cholangiocyte production of TGFb is 
thought to be a key initiating step in the fibrotic process. Following liver injury, HSCs 
syntiiesize alpha-smooth muscle actin as part of the migration response, consequenfly a 
marked accumulation of alpha-smooth muscle actrn (a-SMA) can be seen at areas of active 
30 liver fibrogenesis. 

As is known in the art, Uver fibrosis may be cUnically classified into five stages 
(SO to S4) of severity, usually based on histological exaroination of a biopsy specimen. SO 
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indicates no fibrosis, whereas S4 indicates cirrhosis. While various critma for staging tiie 
severity of Uvct fibrosis exist, in general early stages of fibrosis are identified by discrete, 
localized areas of scarring in one portal (zone) of the liver, whereas later stages of fibrosis 
are identified by bridging fibrosis (scarring that crosses zones of the liver). 

5 

FXR Agonists and Fibrosis 

The present inventors, in studying the effects of an FXR agonist (GW4064) in 
cholestasis using bile duct ligated (BDL) rats, noted decreased bile duct proliferation in 
animals treated with GW4064; bile duct proliferation has been suggested as a marker of 
10 fibrosis. This particular study was not long enough in duration to allow the development 
of fibrotic changes in the liver. Whether the decreased bile duct proliferation was 
secondary to the decreased bile acid level in the Uver or due to additional anti-fibrotic 
effects of FXR was not immediately apparent. 

The present invrators accordingly further investigated TGFbl mRNA in these 
15 BDL rats, and noted that TGFbl mRNA was reduced in BDL rats receiving GW4064, 
compared to BDL rats receiving vehicle or taurine-conjugated ursodeoxycholic acid 
(TUDCA) (measured at four days post bile duct ligation). During BDL, damage to the 
cholangiocytes lining the bile ducts results in increased release of TGFb. As TGFb is 
involved in the activation of HSCs and the subsequent collagen and smooth muscle actin 
20 (SMA) expression, the present researchers identified the relative decrease in TGFb mRNA 
in GW4064-treated BDL rats as suggestive of protection by GW4064 against fibrotic 
changes secondary to cholestasis. In humans, liver fibrosis secondary to long-standing 
cholestatic disease is known to occur. Experimentally, bile duct ligation in rats as a model 
of cholestasis is also known to cause liver fibrosis, however, histopathologic evidence of 
25 fibrosis would typically not be expected to occur at only four days post bile duct Ugation. 

In order to determine if the potential anti-fibrotic effects of GW4064 seen in the 
BDL rat model were due solely to a reduction in the bile acid concentration, or if FXR 
agonists might have anti-fibrotic activity independent of modulation of bile acid 
concentration, the present researchers further studied the possible anti-fibrotic effect of the 
30 FXR agonist GW4064 using rat hepatic stellate cells in vitro. Activation of hepatic 
stellate cells into myofibroblasts has been identified as an important step in the 
development of liver fibrosis; transdifferentiation of hepatic stellate cells is believed to be 
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driven by cytokines, including TGFb. (See e.g., Safadi et al., MedGenMed. 4:27 (2002); 
Shimizu et al., Cuir Drug Targets Infect Disord.l:227 (2001), Gressner et al.. Front Biosci. 
7:793 (2002)). 

In the present in vitro studies reported herein, primary rat hepatic stellate cells 
5 (HSCs) were fo\md to express FXR. Over an eight day culture period the hepatic stellate 
cells adopted an "activated" morphology and began to express SMA, collagen, and 
fibronectin. By the eighth day there was a decrease in all three markers in cells treated 
Avith GW4064 (see Example 2). While not wishing to be held to a single theory, the 
present inventors believe that HSCs contain functional Famesoid X Receptors, and that 
10 activation of these receptors by an FXR agonist compound provides a protective effect 
against fibrotic changes. 

Additional studies (described below) were conducted using the rats treated with 
carbon tetrachloride to induce liver fibrosis, an accepted animal model of hepatic fibrosis 
(see, e.g., Wasser and Tan, Ann. Acad. Med. Singapore 28:109 (1999); Tsukamoto et al., 
15 Semin. Liver Dis. 10:56 (1990)). The fibrotic changes seen in tiie carbon tetrachloride 

i 

(CCI4) model of liver fibrosis are not due to increased bile acids (compare to bile duct 
ligation model of cholestasis). 

In the first in vivo study (acute model; see Example 3), groups of rats were treated 
with vehicle (control rats), with CCI4 and vehicle, or with CCI4 and the FXR agonist 

20 GW4064. After fovir days of treatment, an increase in TGFbl, SMA and Collagen I 
mRNA was noted in Uver tissue from Group 2 (CCI4 + vehicle) rats, compared to control 
rats. (See Figure 3). TGFbl, SMA and Collagen I mRNA measurements were not 
significantly increased in rats treated with GW4064 compared to control rats. 
Additionally, the differences in SMA and Collagen mRNA levels were significantly 

25 decreased in GW4064-treated rats compared to rats treated with CCI4 and vehicle . 

In the second in vivo study (chronic model; see Example 4), groups of rats 
received twice weekly intraperitoneal injections of CCI4 for up to eight weeks. After two 
weeks, groups of rats additionally were administered twice daily vehicle, 30 mg/kg 
GW4064 in vehicle, or silymarin in vehicle. Histopathological examination revealed that 

30 Uvers from rats receiving CCI4 + vehicle had increased collagen deposition, and by 8 
weeks were cirrhotic. The livers of rats receiving CCI4, followed by treatment with 
GW4064 or silymarin had reduced collagen deposition compared to the livers from the 
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CCI4 + vehicle animals at six and eight weeks, hi Uver tissue, significant reductions in 
Collagen I and TIMPl (tissue inhibitor of metalloproteinase) mKNA were seen m rats 
treated with CCI4 + GW4064, compared to CCI4 + vehicle treated rats. Additionally, 
significant reduction in serum TIMPl was seen in CCI4 + GW4064 treated rats, compared 

5 to CCI4 + vehicle treated rats. 

Accordingly, data from these experiments indicate that FXR agonists have 
therapeutic utility in the prevention or treatment of organ fibrosis, and in particular have 
therapeutic utiUty in the prevention or treatment of hver fibrosis. 

Yu et al. reported increased carbon tetracholoride-induced Uver injury and fibrosis 

10 in mice deficient in the cell surface tyrosine kinase receptor Fibroblast Growth Factor 
Receptor 4 (FGFR4) (Am. J. Pathology, 161:2003 (2002)). Fibroblast Growth Factor 19 
(FGF19) is a high aflSnity ligand for FGFR4 (Xie et al., Cytokme 11:729 (1999)). As 
reported in PCT/US03/08634, filed March 2003 in the name of SmithKline Beecham 
Corporation, expression of Fibroblast Growth Factor 19 (FGF19) was increased in human 

15 hepatocytes treated with the FXR agonist compound GW4064 compared to control cells. 
See also Holt et al.. Genes & Develop. 17:1581 (2003), reportmg that FXR directly 
regulates expression of FGF19. While not wishing to be held to a single theory, the 
present inventors propose that administration of an FXR agonist may protect against 
fibrosis in the liver due to an increase in FGF19 expression, and subsequent effects on the 

20 the FGF19-FGFR4 pathway in liver cells; and propose that this mechanism is relevant in 
kidney, lung and other organ fibrosis as well 

Ligand binding of the FXR nuclear receptor can result in the alteration of 
expression of various genes ttiat FXR aids in regulating, including genes involved in lipid 

25 absorption and the reabsorption of bile acids in small intestine and lipid homeostasis in the 
liver. Examples of such genes include, but are not limited to, genes involved in bile acid 
transport, lipid absorption, cholesterol biosynthesis, proteolysis, amino acid metaboUsm, 
glucose biosynthesis, protem translation, electron transport, and hepatic fatty acid 
metabolism. FXR often functions as a heterodimer with the Retinoid X Receptor (the 

30 FXR/RXR heterodimer). 

*TXR agonist" as used herein refers to an agent that directly binds to and 
upregulates the activity of FXR, In the present methods, preferred FXR agonists are small 
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molecule organic compounds, preferably synthetic small molecule organic compounds, 
and may be non-steroidal synthetic small molecule organic compounds. Preferred FXR 
agonist compoxmds for use m the preset methods do not include naturally occurring bile 
acids. However, in one embodiment it is contemplated that the methods of the present 

5 invention utilize synthetic FXR agonists in combiaation with a naturally occurring non- 
toxic bile acid, such as ursodeoxycholic acid, as an aid in preventing possible depletion of 
fat-soluble vitamins secondary to treatment with an FXR agonist. Accordingly, synthetic 
FXR agonists may be administered concurrently with the naturally occurring non-toxic 
bile acid, either as separate entities or as a single formulation comprising both synthetic 

10 FXR agonist and naturally occurring bile acid. 

As used herein, the term "small molecule organic compound" refers to a chendcal 
compound that is an organic compound having a molecular weight less than about 10,000 
daltons, and more preferably having a molecular weight less than about 7,500 daltons, less 
than about 5,000 daltons, or less than about 2,500 daltons. As used herein, the term 

15 "synthetic compound" refers to a chemical compound where the compound structure is not 
known to occur in nature, whereas the term "naturally-occurring compound" refers to a 
chemical compound isolated fix)m or known to occur in natural sources, such as cells, 
plants, fungi, animals and the like. 

The bile acids chenodeoxycholic acid (CDCA), deoxycholic acid (DCA), and the 

20 taurine and glycine conjugates thereof selectively activate FXR (WO 0037077, Glaxo 
Groiq) Linodted). As used herein, the term 'TXR agonist" refers to compoimds that 
achieve at least about 25% activation of FXR relative to CDCA, the positive control in the 
assay methods described in PCX Publication No. WO 00/37077 published 29 June 2000 to 
Glaxo Group Limited, the subject matter of which is incorporated herein by reference in 

25 its entirety. Preferably, the compounds used in the methods of this invention achieve at 
least about 50% activation of FXR in the scintillation proximity assay or the HTRF assay 
as described in PCX Publication No. WO 00/37077; more preferably, tihie compounds 
achieve at least about 75%, 80%, 90%, 95%, 97% or greater activation of FXR in the 
scintillation proximity assay or the HTRF assay as described in PCX Publication No. WO 

30 00/37077. 

An FXR agonist for use in the present invention is the compound known as 
GW4064, as disclosed in PCX Publication No. WO 00/37077 published 29 June 2000 to 
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Glaxo Groiip Limited, which describes FXR ligand compounds characterized by the 
following formula (I) 



wherein is CH or N; is O or NH; R and may independently be H, lower 
5 alkyl, halogen, or CF3; R^is lower alkyl; R^ and may independently be H, lower alkyl, 
halogen, CF3, OH, O-alkyl, or O-polyhaloalkyL 

GW4064, an example of a compound of Formula (I), is a potent and selective FXR 
ligand and has the following formula (II): 



FXR agonists for use in the present invention may furth^ include 6a-alkyl-substituted 
20 analogues of chenodeoxycholic acid (CDCA), such as 6a-ethyl-chenodeoxycholic acid (6- 

ECDCA) (Pellicciari et al„ J, Med. Chem., 45:3569 (2002); WO 02/072598 published 19 

Sept 2002 in the name of Pellicciari), and 3-deoxychenodeoxycholic acid. 

Additional FXR Ugands usefiil in the present inventions can be identified routinely 

by those of skill in the art based upon assays described m PCT/US99/30947, the teachings 
25 of which are herein incorporated by reference in their entirety. In a preferred embodiment, 

FXR ligands are identified using a nuclear receptor-peptide assay for identifying ligands. 
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This assay utilizes fluorescence resonance energy transfer (FRET) and can be used to test 
whether putative ligands bind to FXR. The FRET assay is based upon the principle that 
ligands induce conformational changes in nuclear receptors that facilitate interactions with 
coactivator proteins required for transcriptional activation. In FRET, a fluorescent donor 
5 molecule transfers energy via a non-radioactive dipole-dipole interaction to an acceptor 
molecule (which is usually a fluorescent molecule). FRET is a standard spectroscopic 
technique for measuring distances in the 10-70A range. Upon energy transfer, which 
depends on the R*^ distance between the donor and acceptor, the donor's fluorescence is 
reduced, and the acceptor fluorescence is increased, or sensitized. FRET is frequentiy used 
10 in both polymer science and structural biology and has recently been used to study 
macromolecular complexes of DNA, RNA, and proteins. In addition, Mathis has used 
europium cryptates with the multichromophoric Allophycocanin to achieve an extremely 
large Ro of 90A (Mathis et al. Clin. Chem. 1993 39:1953-1959). 

The compounds of Formula (I) or QS) can be synthesized using standard techniques 
15 of organic chemistry. A convergent strategy can be employed in which a hydroxystilbene 
and a hydroxymethyisoxazole are prepared independently and then condensed using a 
Mitsunobu coupling to generate the ether linkage. Compounds with anilino linkages can 
be prepared by converting the hydroxyl residue of a hydroxymethyisoxazole into a leaving 
group, such as bromide or mesylate, followed by reaction with an aminostilbene. 
20 Hydroxymethylsoxazoles can be prepared by the condensation of a beta-keto ester 

enolate with an a-halo-substituted hydroxamic acid. The resulting esters can be reduced to 
an alcohol with a metal hydride reducting agent such as diisobutyl alunMnum hydride 
(DIBAL). 

Hydroxystilbenes can be prepared by HomCT-Wadsworfh-Emmons coupling of an 
25 aryl aldehyde and an arylmethylene phosphonate ester, or by Heck coupling of a styrene 
with an arylbromide, iodide, or triflate in the presence of a palladium catalyst. Using 
standard chemical methods, tritium or iodine 125 can be incorporated into the compounds 
of formula (I) and (D). 

In one embodiment, formula I (GW4064) is synthesized in accordance with 
30 procedvires described by Maloney et al. J. Med. Chem. 43:2971-4. 
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nefiTiitinTiS 

The metiiods of the present invention are directed to flie use of FXR agonists in 
methods of treating fibrosis, including organ fibrosis and liver fibrosis. 

^Treating fibrosis" or 'treatment of fibrosis', as used herein, includes both 
5 prophylactic and therapeutic treatment: methods that prevent or reduce the manifestations 
of fibrosis in a maimer beneficial to the health or physical well-being of the individual, 
such as to reduce symptoms or disease markers or to prevent, slow, halt or reduce one or 
more molecular, macromolecular or cellular mechanisms of fibrosis. 

As used herein, 'prophylactic treatment' refers to the treatment of a subject with a 
10 condition known to result in fibrosis or otherwise at increased risk of fibrosis, but who 
does not yet have histological evidence of fibrosis (e.g., in ttie case of liver fibrosis, an 
individual who would be designated as SO), in order to prevent fibrosis or reduce the 
extent of fibrotic changes that would be expected to occur in the absence of treatment. 

As used herein, 'therapeutic treatment' refers to treatment of a subject with 
15 histopathological fibrotic changes (e.g., in tiie case of Uvct fibrosis, an individual who 
would be designated as S1-S4) or changes in disease markers consistent with fibrotic 
disease in the absence of biopsy. Therapeutic treatment is designed to prevent, or decrease 
the rate of, fijrther fibrotic changes that would be expected to occur iq the absence of 
treatment. 

20 Preferred subjects for the methods of the present invention are mammals, including 

but not limited to humans, canines and felines. 

As used herein, a 'therapeutically effective amount' of an FXR agonist, in the 
treatment of fibrotic disease, indicates an amount of FXR agonist that prevents or reduces 
fibrotic changes, or slows the rate of fibrotic changes, as compared to tihe fibrotic changes 

25 that would occur in the absence of treatment. A reduction in or slowing of fibrotic 
changes may be measured or ascertained using any suitable means as are known in the art. 
Biopsy with histological examination remains a recognized method of assessing fibrotic 
changes in an organ. Additionally, serum markers or other biochemical markers of 
fibrosis may be utilized to assess the degree of fibrosis, e.g., in subjects with liver fibrosis 

30 due to viral infection (see, e.g., Afdahl, Hepatology 37:972 (2003); Bonancini et al.. Am J 
Gastroenterol. 92:1302 (1997); Rossi et al., Clin Chem. 9:450 (2003)). 
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Formulations, pharmaceutical compositions 

FXR agonists used in the methods of the present invention are convenientiy 
administered in the form of pharmaceutical compositions. Such pharmaceutical 
compositions comprising a FXR agonist may conveniently he presented for use in a 
5 conventional manner in admixture with one or more physiologically acceptable carriers or 
excipients. 

FXR agonists useful in the methods of the present invention may be formulated for 
administration in any suitable manner. They may, for example, be formxilated for topical 
administration or administration by inhalation or, more preferably, for oral, transdermal or 

10 parenteral administration. The pharmaceutical composition may be in a form such that it 
can effect controlled release of the FXR agonist. A particularly preferred method of 
administration, and corresponding formulation, is oral administration. For oral 
administration, the pharmaceutical composition may take the form of, and be adntiinistered 
as, for example, tablets (including siib-lingual tablets) and c£Q)sules (each including timed 

15 release and sustained release formulations), pills, powders, granules, elixirs, tinctures, 
emulsions, solutions, syrups or suspensions prepared by conventional means with 
acceptable excipients. 

For oral administration in the form of a tablet or capsule, the active FXR agonist 
can be combined with an oral, non-toxic pharmaceutically acceptable inert carrier such as 

20 ethanol, glycerol, water and the like. Moreover, when desired or necessary, suitable 
binders, lubricants, disintegrating agents and coloring agents can also be incorporated iato 
the mixture. Suitable binders include starch, gelatin, natural sugars such as glucose or 
beta-lactose, com sweeteners, natural and synthetic gums such as acacia, tragacanth or 
sodium algmate, carboxymethylcellulose, polyethylene glycol, waxes and the like. 

25 Lubricants used in these dosage forms include sodium oleate, sodium stearate, magnesium 
stearate, sodium benzoate, sodium acetate, sodium chloride and the like. Disintegrators 
include, without limitation, starch, methyl cellulose, agar, bentonite, xanflian gum and the 
like. Tablets are formulated, for example, by preparing a powder mixture, granulating or 
slugging, adding a lubricant and disintegrant and pressing into tablets. Oral fluids such as 

30 solution, syraps and elixirs can be prepared in dosage imit form so that a given quantity 
contains a predetermined amount of the compound. Where appropriate, dosage unit 
formulations for oral administration can be microencapsulated. The formulation can also 
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be prepared to prolong or sustain the release as for example by coating or embedding 
particulate material in polymers, wax or the like. 

FXR agonists for use in the methods of the present invention can also be 
administered in the form of liposome delivery systems, such as small imilamellar vesicles, 
5 large imilamellar vesicles and multilamellar vesicles. Liposomes can be formed from a 
variety of phospholipids, such as cholesterol, stearylamine or phosphatidylcholines. 

FXR agonists for use in the methods of the present invention may also be coupled 
with soluble polymers as targetable dmg carriers. Such polymers can include 
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropyhnethacrylamide-phenol, 
iO polyhydroxyethylaspartamidephenol, or polyethyleneoxidepolylysine substituted with 
pahnitoyl residues. Furthermore, the compounds of the present invention may be coupled 
to a class of biodegradable polymers useful in achieving controlled release of a drag, for 
example, polylactic acid, polyepsilon caprolactone, polyhydroxy butyric acid, 
polyorthoesters, polyacetals, polydihydropyrans, polycyanoacrylates and cross-linked or 
15 amphipathic block copolymers of hydrogels. 

The present invention includes pharmaceutical compositions containing 0.1 to 
99.5%, more particularly, 0.5 to 90% of an FXR agonist in combination with a 
pharmaceutically acceptable carrier. 

Compositions comprising a FXR agonist may also be administered in nasal, 
20 ophthahnic, otic, rectal, topical, intravenous (both bolus and infusion), intraperitoneal, 
intraarticular, subcutaneous or intramuscular inhalation or insufflation form, all using 
forms well known to those of ordinary skill in ttie pharmaceutical arts. For transdermal 
administration, the pharmaceutical composition comprising the FXR agonist may be given 
in the form of a transdermal patch, such as a transdermal iontophoretic patch. 
25 For parenteral administration, the pharmaceutical composition comprising the FXR 

agonist may be given as an injection or a continuous infusion (e.g. intravenously, 
intravascularly or subcutaneously). The compositions may take such forms as 
suspensions, solutions or emulsions in oily or aqueous vehicles and may contain 
formulatory agents such as suspending, stabilizing and/or dispersing agents. For 
30 administration by injection these may take the form of a unit dose presentation or as a 
multidose presentation preferably with an added preservative. Alternatively for parenteral 
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administration the active ingredient may be in powder form for reconstitution with a 
suitable vehicle. 



Phamiaceutical compositions comprising a FXR agonist are administered in an 

5 amount eiffective for treatment or prophylaxis of fibrotic diseases, and fibrosis resulting from 
such diseases or from injuries. Initial dosing in human is accompanied by clinical monitoring 
of symptoms for such conditions. For administration particularly to mammals, and 
particularly humans, it is expected that the daily dosage level of the active agent will be from 
0*1 mg/kg to 100 mg/kg and typically around 30 mg/kg. It will be appreciated that optimum 

10 dosage will be determined by standard methods for each treatment modality and indication, 
taking into account the indication, its severity, route of administration, complicating 
conditions and the like. The physician in any event will determine the actual dosage that 
will be most suitable for an individual and will vary with the age, weight and response of 
the particular individual. The effectiveness of a selected actual dose can readily be 

15 determined, for example, by measuring clinical symptoms or standard indicia of fibrosis or 
fibrotic changes after administration of flie selected dose. The above dosages are exemplary 
and there can, of course, be individual instances where higher or lower dosage ranges are 
merited, and such are within the scope of this invention. For conditions or disease states 
as are treated by the present invention, maintaining consistent daily levels in a subject over 

20 an extended period of time, e.g., in a maintenance regime, can be particularly beneficial. 

The following nonhmiting examples are provided to fiirther illustrate the present 
invention. 



EXAMPLE 1 

25 Bile Duct Ligated Rats 

A study of the effects of an FXR agonist (GW4064) on the livers of bile duct 
ligated (BDL) rats was carried out. This study was initially devised to examine the effects 
of FXR agonist on non-fibrotic Uver damage due to cholestasis. The present researchers 
additionally went on to examine samples firom these experiments for markers of liver 
30 fibrosis. 

Male Sprague-Dawley rats (approximately 300 grams) were obtained from Charles 
River Laboratories Ihc (Raleigh, NC) and were maintained on a 12 hour light/12 hour dark 
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light cycle. Animals were anesthetized by the administration of 2-3% isoflurane. 
Laparotomy was performed under sterile technique and the liver and duodenum gently 
displaced to reveal ihe common bile duct. The bile duct was separated from the 
surrounding tissue and two ligatures of 4-0 Bthilon were placed around it. The bile duct 
5 was clamped between the two ligatures with an aneiuysm clamp and the ligatures drawn 
tight. An additional ligature was placed proximal to the first (near the liver). The clamp 
was removed and the bile duct severed between the ligatures. The muscle wall was closed 
with 4-0 Vicryl and the skin closed with staples. Sham controls underwent laparotomy, but 
the bile ducts were not ligated or transected. Animals were allowed food and water ad 
10 libitum throughout the study period. Animals were anesthetized with 2-3% isoflurane and 
sacrificed by cardiac puncture. 

Twenty-four hours after surgery, groups of rats (n=6-8) received intraperitoneal 
injections once daily for four days, of eitiier (a) 5 ml/kg com oil (vehicle); (b) 30mg/kg 
GW4064 in com oil; or (c) 15 mg/kg TUDCA in com oil (taurine-conjugated 
15 ursodeoxycholic acid, used clinically to treat cholestasis). Sham operated animals 
received intraperitoneal injections of 5 ml/kg com oil vehicle 24 hours after sham 
operation. Four hours after the last dose on day four, blood and livers were collected. 

Serum activities of alanine aminotransferase (ALT), asparate amiaotransferase 
(AST), sorbital dehydrogenase (SDH), y-glutamyl transferase (GGT), lactate 
20 dehydrogenase (LDH), alkaline phosphatase (ALP) and total bilirubin were determined. 
Serum bile acids (BELEA) were determined using a conraiercially available assay (Sigma 
Chemical Co., St Louis, MO). 

Serum levels of ALT, AST, SDH, ALP and GGT increased in response to BDL, 
while LDH activity decreased. GW4064 treatment resxilted in reductions in serum levels 
25 of ALT, AST, and LDH in BDL rats, compared to vehicle-treated BDL rats. GW4064 
treatment did not significantly reduce serum levels of ALP, SDH, GGT, bile acids or total 
bilirubin, compared to vehicle treated BDL rats. TUDCA treated BDL rats showed a 
significant decrease only in LDH, compared to vehicle treated BDL rats. (Data not 
shown). 

30 Liver samples firom the BDL animals were exanained histologically for necrosis 

and bile duct proliferation (results not shown), hicreased levels of bile duct proliferation 
were found in the vehicle-treated group; these animals also showed hepatic parenchymal 
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necrosis with inflammatory cell infiltration. In comparison, sections fi»m the GW4064- 
treated BDL rats had qualitatively fewer and smaller necrotic lesions and decreased fatty 
cell degeneration. GW4064 treated BDL rats also showed reduced bile duct proliferation. 
The number of mitotic nuclei was also reduced by GW4064 treatment compared to vehicle 

5 treatment. Sections from TUDCA treated BDL rats did not appear to differ substantially 
from vehicle treated BDL rats. 

In humans, liver fibrosis secondary to cholestatic disease is known to occur 
clinically. Experimentally, bile duct ligation in rats as a model of cholestasis is also 
known to cause Uver fibrosis. In view of this, the present researchers additionally 

10 examined the BDL rat liver tissue for markers of liver fibrosis. Levels of Smooth Muscle 
Actin (SMA) mRNA, Collagen I mRNA, and TGFbetal mRNA were measured; results 
are graphed in Figure la - Ic where white bars = sham operated rats; black bars = vehicle 
treated BDL rats; striped bars = GW4064 treated BDL rats; and dotted bars = TUDCA 
treated BDL rats. 

15 As shown in Figure la-lb, in these rats at day four after bile duct ligation, alpha 

SMA mRNA and Collagen I mRNA were increased in all three treatment groups of BDL 
rats, compared to sham operated rats. Levels of TGFb 1 mRNA (Figure Ic) were 
increased in all BDL rats compared to sham-operated rats, but it was noted that TGFbl 
mRNA was significantly reduced in BDL rats receiving GW4064, compared to BDL rats 

20 receiving vehicle or TUDCA. 

As TGFb is involved in the control of collagen and SMA expression, the relative 

decrease in TGFb mRNA in GW4064-treated BDL rats at four days post surgery was 

suggestive of an early sign of possible protection by GW4064 against fibrotic injury 

secondary to cholestasis. 

25 Example 2 

In vitro Stellate Cell Activation 

Rat hepatic stellate cells were isolated firom male CRL:CD(SD)IGS® rats (Charles 

River Laboratories) as described previously. Cells were plated into six well plates at a 

density of 1x10^ cells/well in DMEM-F12 media with 20% FCS. Twenty-four hours after 

30 plating, the media was replaced with media containing 0.1% DMSO (vehicle control) or 

lOuM GW4064 with 0.1% DMSO. Following 2, 4, 6 or 8 days of treatment, total RNA 

was extracted Scorn the cells using TRIzol reagent (Livitrogen) according to the 

manufacturer's directions. The RNA was treated with DNase I (Ambion, Austin, TX) at 
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37* C for 30 min, followed by inactivation at 75° C for 5 min. RNA was then quantitated 
using flie RiboGreen RNA quantitation kit (Molecular Probes, Eugene, OR). RNA 
expression was measured by RTQ-PCR using an ABI PRISM 7700 or 7900 Sequence 
Detection System (PE Applied Biosystems, Foster City, CA). Sequences of the gene 
5 specific primers and probes used for RTQ-PCR are listed in Table 1. For analysis, gaae 
expression was normalized to 188 RNA. 



Table 1: Primer-Probe sets and gene jibbreviations 





Forward Primer 


Reverse Primer 


Probe Sequence* 


TGF-Bl 

Tgfbl(UmGene) 
NM021578 (GenBank) 


GCTGCrrGACCCCCA 

CTGAT 

(SEOIDNO:!) 


GCCACTGCCGGACA 

Acrrc 

(SEQ ID NO:2) 


CGCCn:GAGTGGCTG 

TcrrriGACGT 

(SEQ ID NO:3) 


SMA 

Acta2 (UniGene) 
NM012893 (GenBank) 


TCcrrGACccrrGAAG 

TATCCGATA 
(SE0IDNO:4) 


GGTGCCAGATCTTT 

TCCATGTC 

(SE0IDNO:5) 


AACACGGCATCATC 

ACCAA(jrGGGA 

(SEQIDNO:6) 


Collagen I 
COLIAl (UniGene) 
Z78279 (GenBank) 


TTCACCrrACAGCAC 

GCTTGTG 

(SEQIDNO:7) 


GATGACrrGTCTTGC 
CCCAAGTT 
(SEQ ID NO:8) 


ATGGCTGCACGAGT 

CACACCG 

(SEQ ID NO:9) 


Fibronectin 
Fnl (Unigene) 
X15906 (GenBank) 


CCAAAGCCACCGGA 
GTCTT 

(SEQIDNOrlO) 


GCTTTGAAGCCAATC 

CTTGGA 

(SEQ ID NO: 11) 


CTCTGCGCTCCATTC 
CACCTTATAACACC 
(SEQ ID NO: 12) 


miPl 

Tinq)l (UniGene) 
U06179 (GenBank) 


GAACCGCAGCGAGG 
AGTTT 
1 (SEQIDNO:13) 


GGCAGTGATGTGCA 

AATTTCC 

(SEQ ID NO: 14) 


TCATCGCGGGCCGT 

TTAAGGAA 

(SEQIDNO:15) 



10 * all probes used as FAM -sequence - TAMRA 



Over the eight day culture period the cells adopted an "activated" morphology and 
began to express SMA, collagen, and iBbronectin As shown in Figure 2A - 2C, on the 
eighth day all three markers in the GW4064 group were decreased compared to the control 

15 group. SMAwasdecreasedby 84%, collagen by 51% and fibronectin by 79%. SMA and 
fibronectin were also decreased in the GW4064 treatment group at six days (compared to 
the vehicle control group). 

Follow-up studies were conducted using the same study design, except for a lower 
dose of GW4064 (3uM). Jn the vehicle control group, SMA, collagen and fibronectin 

20 peaked at six days of culture; collagen and fibronectin expression began to decline 
following eight days in culture (Figures 4A - 4C, white bars). In response to GW4064 
treatment, at six days SMA was decreased by 55%, collagen by 31% and fibronectin by 
28%, whereas at eight days SMA was decreased by 40% but collagen and fibronectin were 
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not significantly different from vehicle. (Figures 4a-4c, shaded bars; asterisk indicates 
p<O.OS compared to the vehicle treatment at the indicated timepoint). 



5 

EXAMPLES 
Acute liver flbrosis in vivo model 

Male CRL:CD(SD)IGS® rats (Charles River Laboratories) weighing 250-280 g were 

10 randomized into three groups of 5 - 6 rats per group. On day 1, rats m Group 1 (Control) 
were given a single intraperitoneal (ip) injection of com oil (5 ml/kg). Rats in Groups 2 
and 3 were given a single ip injection of 30% carbon tetrachloride (CCI4) in com oil (5 
ml/kg). Beginning four hours after the initial ip injections and continuing for four days, 
rats in Group 1 (Control) and Group 2 (CC14) were given vehicle (20% Encapsin; Cerestar 

15 Inc., IN) by oral gavage twice daily. Beginning four hours after the initial ip injections 
and continuing for four days, rats in Group 3 (CC14 + GW4064) were given 30mg/kg 
GW4064 in vehicle by oral gavage, twice daily for four days. 

Four hours after the final oral dose on day four, rats were sacrificed under deep 
anesthesia and blood and livers were collected. A portion of liver from each rat was fixed 

20 in 10 % phosphate-buffered formalin (pH 7.4). The remaining livers wore snap froz^ in 
liquid nitrogen and stored at -80°C prior to RNA extraction. 

Histopathologyi The tissues were processed by standard histological techniques. 
Liver sections were stained with hematoxylin and eosin (H&E) using standard protocols 
and examined by light microscopy for necrosis and other structural changes. 

25 Immunohistochemistry was used to visualize a-smooth muscle actin (DAKO Corporation, 
CA) according to the manufacturer's instructions. Sirius Red (Sigma, St Louis, MO) was 
used to visualize collagen according to the manufacturer's instructions. 

Reverse Transcription Quantitative Polymerase Chain Reaction (RTQ-PCR). Total 
RNA was extracted from rat Uver using TRIzol reagent (Invitrogen) according to the 

30 manufacturer's directions. The RNA was treated with DNase I (Ambion, Austin, TX) at 
3T C for 30 min, followed by inactivation at 75° C for 5 min. RNA was then quantitated 
using the RiboGreen RNA quantitation kit (Molecular Probes, Eugene, OR). RNA 
expression was measured by RTQ-PCR using an ABI PRISM 7700 or 7900 Sequence 
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Detection System (PE Applied Biosystems, Foster City, CA). Sequmces of the gene 
specific primers and probes used for RTQ-PCR are listed in Table 1 . 

Statistical Analysis: All data were analyzed by one-way analysis of variance 
(ANOVA) followed by Duncan's multiple range test. The 0.05 level of probability was 

5 used as the criteria of significance. 

Histopathology Results - Collagen: Animals that received com oil and Encapsin 
vehicle (controls) had normal collagen staining as visualized with Sirius Red stain (results 
not shown). In general, collagen was detected only in the pericentral region of the livers 
of these animals (results not shown). The rats that received the CCU and Encapsi had 

10 greatly increased collagen deposition, including areas of bridging fibrosis. Although the 
livers of rats that received CCU followed by GW4064 in Encapsin had more collagen 
deposition than the normal livers, the CC14+GW4064 livers showed reduced collagen 
deposition compared to the livers fiom the CCI4+V animals (results not shown). 

Immunocytochemical Results - SMA: Animals that received com oil and Encapsin 

15 vehicle (controls) had normal SMA as visualized immunohistochemically. The rats that 
received the CCI4 and Encapsin had greatly increased SMA deposition (results not shown). 
Although flie livers of rats that received CCI4 followed by GW4064 in Encapsin had more 
SMA than the normal livers, the CC14-KjW4064 Uvers showed reduced SMA compared to 
the livers from the CCUb+V animals (results not shown). 

20 RTQ-PCR Results: A marked induction of TGFbl, SMA and Collagen I mRNA 

was noted in liver tissue from Group 2 (CC14) rats, compared to Group 1 (Control) rats. 
Figure 3a-3c where the asterisk (*) indicates p<0,05 compared to Group 1 (Control); and 
the pound sign (#) indicates p<0.05 compared to Group 2 (CC14+vehicle) ratsSMA and 
Collagen I mRNA levels were significantly decreased in group 3 (CC14+GW4064) 

25 compared to group 2 (CC14+vehicle), SMA, Collagen I and TGFbl mRNA levels were 
reduced in the group 3 (CC14-I-GW4064) rats to a point where they were not statistically 
different from control. 



30 
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EXAMPLE 4 
Chronic liver fibrosis in vivo model 
Male CRL:CD(SD)IGS® rats (Charles River Laboratories) weighing 250-350 were 
randomized into 3 groups. All rats received twice weekly intraperitoneal (ip) injections of 
5 20% carbon tetrachloride (CCI4) in com oil (5 ml/kg) for the duration of the study. Two 
weeks after the initiation of the CCI4 injections, rats in Group 1 (CCL4 + Vehicle) began 
receiving vehicle (6% Encapsin; Cerestar Inc., IN) twice daily, rats in Group 2 (CCL4 + 
GW4064) began receiving 30mg/kg GW4064 in vehicle twice daily, and rats in Group 3 
(CCL4 + Silymarin) began receiving silymarin in vehicle twice daily. (Silymarin reduces 
10 TGFbl and collagen deposition in fibrotic rat liver (Jia et al., J Hepatol 2001 Sep; 
35(3):392-8). 

Multiple rats from each group were sacrificed after each of four, six and eight weeks 
on study. Rats were also sacrificed following the two weeks of CCL4 exposure, prior to 
initiation of drag treatment, as well as five untreated Naive rats. An additional five 

15 imtreated Nsffve rats were also sacrificed at the eight week timepoint. Plasma, serum, 
kidneys and livers were collected for analysis. HistopathologLcal, ntiRNA and serum 
markers of liver damage and liver fibrosis were examined. 

Histopathology: The tissues were processed by standard histological techniques. 
Liver sections were stained with hematoxylin and eosin (H&E) using standard protocols 

20 and examined by hght microscopy for necrosis and other structural changes, 
hnmunohistochemistry was used to visualize a-smooth muscle actin (Sigma, St Louis, 
MO) according to the manufacturer's instractions. Sirius Red (Sigma, St Louis, MO) was 
used to visualize collagen according to the manufacturer's instractions. Liver sections 
were stained with Masson's trichrome (Sigma, St Louis, MO) according to the 

25 manufacturer's instractions. 

Reverse Transcription Quantitative Polymerase Chain Reaction (RTQ-PCR). Total 
RNA was extracted from sections of rat Uver using TRIzol reagent (Invitrogen) according 
to the manufacturer's directions. The RNA was treated with DNase I (Ambion, Austin, 
TX) at ?>T C for 30 min, followed by inactivation at 75^ C for 5 min. RNA was then 

30 quantitated usmg the RiboGreen RNA quantitation kit (Molecular Probes, Eugene, OR). 
RNA expression was measured by RTQ-PCR using an ABI PRISM 7700 or 7900 
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SequCTce Detection System (PE Applied Biosystems, Foster City, CA). Sequences of the 
gene specific primers and probes used for RTQ-PCR are listed in Table 1. 

Semm Analysis: Sermn TIMPl (R&D Systems, Minneapolis, MN) levels were 
measured according to the manufacturer's directions. 
5 Statistical Analysis: All data were analyzed by one-way analysis of variance 
(ANOVA) followed by Dxmcan's multiple range test. The 0.05 level of probability was 
used as the criteria of significance. 

Histopathology Results - Collagen: Naive animals that received no treatment (Naive) 
had normal collagen staining as visualized with Sirius Red stain (results not shown). In 
10 general, collagen was detected only in the pericentral region of the livers of these animals 
(results not shown). The rats that received the CCU+Vehicle had increased collagen 
deposition over time. Areas of bridging fibrosis were rare at 2 weeks, common at 4 weeks 
and prominent at 6 weeks. By 8 weeks the livers were cirrhotic with isolated parenchymal 
nodules (results not shown). The livers of rats that received CCU followed by GW4064 in 
15 Encapsin or Silymarin in Encapsin had reduced collagen deposition compared to the livers 
jfrom the CCI4+V animals at the six and eight week timepoints (results not shown). 

Masson's Trichrome Results — not completed at this time. 

SMA Results: not completed at this time. 

RTQ'PCR Results: Shown in Figures 5a-5d, where the asterisk (*) indicates p<0.05 
20 compared to the Naive rats at 8 week timepoint; and the pound sign (#) indicates p<0.05 
compared to the CCU+Vehicle rats at 8 week timepoint. A gradual induction of TGFbl, 
SMA, Collage I and TIMPl mRNA was seen in liver tissue firom CCU+Vehicle rats 
(solid bars) compared to Naive rats (white bars) over the eig^t week study period. 
Statistically significant increases in TGFbl and TIMPl mRNA were seen in the 
25 CCU+Vehicle group compared to Naive only at eight weeks, whereas Collagen I was 
significantly increased at both 6 and 8-weeks. The induction of SMA mRNA in 
CCU+Vehicle rats did not reach statistical significance compared to Naive. 

The liver tissue from CC14+GW4064 treated rats (striped bars) had significant 
reductions in Collagen I and TIMPl mRNA compared to CCU+Vehicle rats (solid bars), 
30 although the reduction in SMA was not statistically significant. The liver tissue from 
CCU+silymarin treated rats (stippled bars) had significant reductions in Collagen I and 
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TIMPl mRNA compared to CCU+Vehicle, but no reduction in SMA. TGFbl mKNA was 
unchanged by eithw GW4064 or silymarin treatment. 

Serum Analysis Results: Results are shown in Figure 6, where the asterisk (*) 
indicates p<0.05 compared to the Naive rats (white bars) at 8 weeks; and the pound sign 
5 (#) indicates p<0.05 compared to the CCU+Vehicle rats (black bars) at 8 weeks. Results 
show an induction of serum TlMPl in CCU+Vehicle rats compared to Naive rats at the 
eight week tnnepoint. The serum from CCl4-KjW4064 treated rats (striped bars) and 
CCU+Silymarin treated rats (stippled bars) had significant reductions in serum TIMPl 
compared to CCU+Vehicle treated rats, 

10 

V 



